New World screwworm (NWS), Cochliomyia hominivorax (Coquerel 1858) (Diptera: Calliphoridae), is a myiasiscausing fly that can be a serious threat to the health of livestock, wildlife, and humans. Its progressive eradication from the southern United States, Mexico, and Central America from the 1950s to 2000s is an excellent example of successful pest management using sterile insect technique (SIT). In late 2016, autochthonous NWS were detected in the Florida Keys, representing this species' first invasion in the United States in >30 yr. Rapid use of quarantine and SIT was successful in eliminating the infestation by early 2017; however, the geographic source of this infestation remains unknown. Here, we use amplicon sequencing to generate mitochondrial and nuclear sequence data representing all confirmed cases of NWS from this infestation, and compare these sequences to preexisting data sets sampling the native distribution of NWS. We ask two questions regarding the FL Keys outbreak. First, is this infestation the result of a single invasion from one source, or multiple invasions from different sources? And second, what is the geographic origin of this invasion? We found virtually no sequence variation between specimens collected from the FL Keys outbreak, which is consistent with a single source of introduction. However, we also found very little geographic resolution in any of the data sets, which precludes identification of the source of this outbreak. Our lack of success in answering our second question speaks to the need for finer-scale genetic or genomic assessments of NWS population structure, which would facilitate source determination of potential future outbreaks.
Materials and Methods

Sampling and DNA Extraction
We obtained larvae from every confirmed incident of NWS in Florida from 19 September 2016 to 10 January 2017 (17 unique collections from Monroe and Miami-Dade Counties). These cases predominately consisted of samples from wounded or euthanized Key deer, but also wounded or euthanized pets (domestic dog, Canis lupus familiaris; cat, Felis catus; and pig, Sus scrofa domesticus) and a single incident in a raccoon, Procyon lotor. We supplemented this sampling with intercepted specimens held at the NVSL. These specimens were collected at U.S. border stations or ports of entry from previously infested horses, Equus ferus caballus, as well as a single dog, where the origin of the host, and presumably the NWS infesting it, was known. Additionally, we also sampled specimens archived at NVSL from wild cases from Mexico and Cuba. Detailed specimen information is provided in Supplementary Table S1 .
Generally, we sampled as many individual specimens as possible from each case of NWS (a case refers to a single infected host animal or curated NVSL accession) up to a maximum of 10. For most of these specimens we used a "poke and soak" method to maintain a morphological (cuticular) voucher for each specimen. For this approach, an incision was made along the body of the maggot with a flame-sterilized razor blade and the maggot was then incubated at 55°C overnight in 200 µl tissue lysis buffer (from a NucleoMag Tissue extraction kit: Macherey-Nagel, Düren, Germany) and 25 µl proteinase K (23 mg/ml), following manufacturer's recommendations (Macherey-Nagel). A morphological voucher was not kept when >100 specimens were available from a single case. In these cases, we homogenized each maggot in tissue lysis buffer with a 3.175 mm metal lysing bead in a FastPrep 24 homogenizer (MP Biomedical, Santa Ana, CA), at a speed of 4.0 m/s for 20 s, before overnight incubation. For both approaches, we then finished the DNA extractions using a KingFisher Flex-96 automated extraction instrument (Thermo Scientific, Waltham, MA) and the NucleoMag Tissue extraction kit. An RNase A treatment was also used, following manufacturer's recommendations, except we used 10 µl of 20 mg/ml RNase A (Macherey-Nagel).
Amplification and Sequencing
We used a targeted amplicon/parallel tagged sequencing approach (Bybee et al. 2011 , O'Neill et al. 2013 to sequence COI, COII, and EF1α. This method involves amplifying genes with singleplex polymerase chain reaction (PCR), integrating individual-specific barcodes via a step-out PCR, and then pooling all products into a single high-throughput sequencing library. In this case, we planned to use 2 × 300 bp sequencing on an Illumina MiSeq platform. Given that the genes of interest were >600 bp, we divided all genes into multiple overlapping or abutting regions (COI: four regions, COII and EF1α: two regions). We used preexisting primers (Simon et al. 1994 , Duarte et al. 2008 , Lyra et al. 2009 , McDonagh et al. 2009 , Fresia et al. 2011 when possible, and then used the NWS mitochondrial genome of Lessinger et al. (2000) (NCBI GenBank accession AF260826.1) to guide design of additional primers with Primer3 Remm 2007, Untergasser et al. 2012) using default parameters. Primer information is provided in Table 1 . We also tried to amplify the mitochondrial control region (CR) following the methods and primers used by Fresia et al. (2011) , but had little amplification success, and thus did not pursue sequencing this region.
Gene-specific amplification was carried out in 20 µl reactions, containing 10 µl Hot Start Taq DNA Polymerase Master Mix (New England Biolabs, Ipswich, MA), 0.5 µl each of 10 µM forward and reverse primer, 8 µl nuclease free water (Fisher Scientific, Hampton, NH), and 1 µl template DNA. These PCRs were conducted in 384 well format on a QuantStudio 5 Real-Time PCR System (Thermo Fisher Scientific, Waltham, MA), with the following cycling conditions: 94°C for 3 min, 32 cycles of (94°C for 30 s, gene-specific annealing temperature for 30 s, and 72°C for 30 s), final extension at 72°C for 5 min, and a final hold at 4°C. Gene-specific annealing temperatures, template input details, and other modifications to these default PCR parameters are provided in Table 1 . Five microliters of PCR product were electrophoresed on a 2% agarose (Fisher Scientific) gel to verify successful amplification. We then pooled all singleplex PCR products per individual and purified this pooled PCR product using an in-house paramagnetic bead purification at 1.3× (Rohland and Reich 2012) , eluting to 25 µl. Individual-specific i5 & i7 Illumina adapters (384-plex) were then incorporated in a step-out PCR containing 10 µl pooled and purified PCR template, 8 µl Q5 High-Fidelity 2X Master Mix (New England BioLabs), 2 µl each of the i5/i7 adapter, and 18 µl nuclease free water. The following cycling conditions were used: 95°C for 10 min, 8 cycles of (98°C for 15 s, 60°C for 75 s), and a final hold at 10°C. We then purified the step-out PCR products using two of the same paramagnetic bead purifications, performed in succession to accommodate volume limitations (i.e., pooling all samples and all amplicons at once would result in too large of a volume). The first was a purification for each individual's pooled, barcoded products using 7 µl of PCR template as input and eluted to 100 µl. We then pooled all samples into a single tube, purified, and eluted to 25 µl. We quantified this single pooled library using a 2100 Bioanalyzer with the high-sensitivity DNA kit (Agilent, Santa Clara, CA), and a Qubit 2.0 fluorometer using the dsDNA High-Sensitivity kit (Thermo Fisher Scientific). We sequenced this library using paired-end 300 bp sequencing on an Illumina MiSeq (Illumina, San Diego, CA) with sequencing reagent kit v3.
Data Processing
We used the approach described in Dupuis et al. (2018) to process raw FASTQ files, and generate filtered, multi-FASTA alignments for each amplicon (source code and documentation is available at https://github.com/popphylotools/HiMAP). Briefly, we used the FASTQ generation utility in BaseSpace (Illumina) to generate a pair of output files (paired-end reads 1 and 2) for each individual. cutadapt (Martin 2011) was then used to remove remaining Illumina adapters, FLASh (Magoc and Salzberg 2011) to merge pairedend reads, and cutadapt again to demultiplex by amplicon using an overlap of 10 bp ("−O" option) and primer pairs linked with the "−a" option (e.g., −a COI1 = ACTAATAGCCTTCAAAGC... TCGTGGGAAAGCTATATCAGGA). We used part03 of the HiMAP data processing pipeline (Dupuis et al. 2018) , which finds the most prevalent read length for each amplicon per individual and uses the rules of Cavener (1987) , via Bio.motifs in BioPython (Cock et al. 2009 ), to call a degenerate consensus sequence based on all reads of that length (using International Union of Pure and Applied Chemistry (IUPAC) codes for ambiguous bases). Five reads per consensus were required, and consensus reads <65 bp and those that deviated >20 bp from the mean for each amplicon were discarded. This script then compiles all final consensus sequences per amplicon and aligns them using the MAFFT L-INS-I algorithm (Katoh and Standley 2013) , and outputs a single-aligned, multi-FASTA file per gene.
To complement the sequence data generated in this study, all COI, COII, and EF1α GenBank accessions that had relatively easily reconcilable locality information (i.e., in the associated publication or its supplementary material) were integrated into this data set. The majority of these accessions were generated by Duarte et al. (2008) . Asterisk for CR amplicon length is anticipated length; however, we did not pursue sequencing of this gene. Additional modifications include template dilution where appropriate. Agnarsson (2016) . Generally, all sequences generated in these studies were used. We aligned all GenBank sequences for each gene with the MAFFT L-INS-I algorithm, added the sequences generated in this study to the aligned FASTA files, and manually merged and aligned the individual amplicons from the MiSeq data sets into contiguous genes using AliView v1.18 (Larsson 2014) . We refer to these unfiltered alignments as the "complete alignments".
Phylogenetic Analyses
Due to prior studies targeting potentially different regions of the genes examined here, the combined data alignments from all data sets had large blocks of missing data, particularly for COI. For example, using the C. hominivorax mitochondrial genome (GenBank accession: AF260826.1) as a reference, we targeted COI (amplicons COI_1 to COI_3) from position 2,458 to 3,652, Fresia et al. (2011) and Fresia et al. (2013) from positions 2,611 to 3,341, and McDonagh et al. (2009) from approximately positions 3,492 to 4,173; thus, the majority of GenBank sequences (those from the aforementioned three studies), targeted nonoverlapping regions for this gene, which precludes conducting a single, combined phylogenetic analysis. For phylogenetic analyses, we removed characters from the alignments to eliminate these large blocks of missing data and create fully contiguous sets of homologous sequences. For COII and EF1α, this involved removing large blocks of missing data from both ends of the alignment, but for COI, the nonoverlapping data sets of Fresia et al. (2011 )/Fresia et al. (2013 and McDonagh et al. (2009) required creating two filtered alignments, one matching each set of reference sequences (these are referred to as the Fresia and McDonagh regions, respectively). We then removed GenBankoriginated sequences that were shorter than 50% of the alignment. The data generated for this study contained individuals for which only some of the amplicons for a gene were successfully amplified. To avoid this patchy missing data causing variable phylogenetic placement of these haplotypes, we removed any individuals with missing amplicons from this portion of the data set. Finally, Cochliomyia macellaria (Fabricius 1775) sequences from GenBank, KT272853.1 for mitochondrial genes (Junqueira et al. 2016 ) and JF439534.1 for EF1α (Singh and Wells 2013) , served as an outgroup. We also generated a concatenated mitochondrial alignment of COI and COII using the data from Fresia et al. (2011) and Fresia et al. (2013) . We refer to these modified alignments as the "filtered alignments". Nucleotide diversity of the filtered alignments was calculated using the "pegas" library (Paradis 2010) in R (R Core Team 2016).
To evaluate whether search heuristic affected phylogenetic results, we used Maximum Parsimony (MP), Maximum Likelihood (ML), and Bayesian inference (BI) to construct phylogenies of the unique haplotypes from the filtered alignments (to reconcile unique haplotype codes to their matching, identical haplotypes, see Supplementary  Table S2 ). Unless otherwise noted, default parameters were used for all analyses. We used PAUP* v4.0a157 (Swofford 2017) to conduct unweighted, unordered MP analysis (Fitch 1971) with 100 bootstrap replicates, holding a maximum of 100 trees per replicate. Maximum likelihood tree searches were conducted in IQ-TREE v.1.4.2 (Nguyen et al. 2015) using 1,000 replicates of Shimodaira/ Hasegawa approximate likelihood-ratio test (SH-aLRT: Guindon et al. 2010 ) and 1,000 replicates of ultra-fast bootstrapping (Minh et al. 2013) to assess node support. IQ-TREE's model selection procedure was used to select the model of evolution. We used MrBayes v3.2.6 Ronquist 2001, Ronquist and Huelsenbeck 2003) to infer phylogenies in a Bayesian framework. Here, we used the same models predicted by IQ-TREE's model selection procedure, ran the analyses for 2 million generations with default chain settings and temperatures, and sampled every 500 generations. No priors were used. We observed the average SD of split frequencies during the run (value should approach zero) and the potential scale reduction factors after the run (value should approach one) to ensure convergence of the independent simulations. We constructed a 50% majority rule consensus from resulting trees after removing the first 25% of trees for burn-in.
RESULTS
Sequencing and Data Processing
The DNA extracted from a total of 284 specimens was amplified and sequenced in this study, 154 from the FL Keys outbreak (from 17 cases) and 130 from historical collections at NVSL. With regard to individual cases of NWS infection, we sampled an average of 7.5 specimens across 38 cases (minimum number of specimens per case = 2, maximum = 11). A single lane of MiSeq sequencing resulted in 13.9 million read pairs that could be successfully demultiplexed by specimen (average per specimen: 48.9 thousand). On average, 94.9% of reads per specimen were successfully joined using FLASh (13.1 million total, average per specimen: 46.1 thousand), and a total of 11.5 million read pairs were successfully demultiplexed by amplicon (average per specimen: 40.5 thousand). An average of 4,738.3 read pairs per specimen were used to call consensus sequences across all amplicons; however, there was high variability in sequencing success both between amplicons and specimens (Table 2). One amplicon (COI_4) failed; although sequencing reads were successfully demultiplexed for this amplicon, they all consisted of short, nontarget sequences, so off-target amplification is likely to blame. This outcome limited comparison to the data set of McDonagh et al. (2009) .
Sequence Data Properties
In comparing all sequences from the FL Keys outbreak specimens, we found no substantial variation in any of the genes studied, thus supporting a single introduction pathway for the FL Keys outbreak (complete and filtered alignments are provided in Supplementary files S1-S3 and S4-S7, respectively). COI contained no variable bases, and EF1α contained only two variable base positions (coded as IUPAC ambiguous bases in our alignments). One of these was an IUPAC ambiguous base (Y (C or T), base 972, present in 20 specimens, Supplementary File S3), present in a heterozygote state in other specimens as well, and is expected given that EF1α is a nuclear gene with two alleles. The second variable base was 14 bases from the 3′ end of the gene (base 1,197, Supplementary File S3), "Assigned to sample" refers to the average (minimum, maximum) number of reads successfully assigned to a sample after demultiplexing by primer sequence. "Used for consensus" refers to the average (minimum, maximum) number of reads used to call a consensus sequence per individuals per amplicon. and in sequences generated in this study was always coded as either M (A or C), H (A, C, or T), or N, except for one specimen coded as an A (FL_LittleMunsonKey_SW17-7-05). This base was also highly variable in all GenBank sequences (often coded as N), so may represent either a common polymorphism in this species or a position with increased amplification error or another PCR artifact. In COII, we also found two variable base positions in the FL Keys outbreak specimens. One was a single IUPAC ambiguous base in one individual (FL_NoNameKey_SW16-45-04), where the consensus sequence was called from 637 reads containing a C at that position and 352 reads containing a T (base 489, File S2). All other FL outbreak specimens exhibited a C at this position, while most of the specimens from other parts of the range exhibited a T (only eight occurrences of C from GenBank accessions). The rarity of this variant across FL Keys outbreak specimens compared to specimens from other geographic sources increases its likelihood of potentially being the result of PCR error propagated through the step-out PCR, rare events of heteroplasmy, or nuclear mitochondrial DNA segments (NUMTs, discussed below). The second was a position coded as either A, G, or R (A or G) in the FL Keys outbreak specimens, and also coded as T in other specimens (base 555, Supplementary File S2). Overall, this position is highly variable across the entire data set, to the point of being variable between individual larvae collected from a single wound. Given this observation, the variation at this site may be the result of NUMTs, which can manifest themselves as increased sequence variation and complicate analyses (Richly and Leister 2004 , Goios et al. 2009 , Moulton et al. 2010 .
We calculated nucleotide diversity of unique haplotypes found in each country (and the FL Keys outbreak). We generally observed lower (or nonexistant) diversity in the FL Keys outbreak compared to other countries (Table 3) , thus providing additional support for a single introduction pathway for the FL Keys outbreak.
Phylogenetic Analyses
To accommodate the large blocks of missing data in the complete alignments, we generated five filtered alignments consisting of fully contiguous sequences: COI (Fresia region; 731 bp, 471 individuals, 100 unique haplotypes), COI (McDonagh region; 168 bp, 307 individuals, 34 unique haplotypes), COII (511 bp, 475 individuals, 88 unique haplotypes), EF1α (698 bp, 209 individuals, 59 unique sequences), and COI + COII (comparing to the data of Fresia et al. (2011 ), Fresia et al. (2013 ; 1,242 bp, 431 individuals, 173 unique haplotypes). Overall, there was very little phylogenetic signal in any of the alignments and little structure corresponding to geography: large polytomous relationships dominated all of the phylogenies generated. Fig. 1 shows the BI consensus tree of COI + COII, which represents the best balance between gene and specimen sampling, and had perhaps the most well-resolved nodes compared to other analyses. All trees are provided in Supplementary Figs. S1-S5.
Many identical haplotypes/sequences were found in specimens from disparate geographic sources, and those from the FL Keys outbreak were extremely similar or identical to haplotypes/sequences from multiple Central and South American countries (Fig. 1,  Supplementary Figs. S1-S5) . Additionally, we could not match any of the historical intercepted samples to their putative known geographic source. A few monophyletic clades with geographic patterns were apparent for specific genes and analyses (e.g., the Cuba and Dominican Republic clades in Fig. 1) ; however, these were not consistent across all genes and analyses. In comparing search heuristics, ML and BI generally resolved more nodes than MP; however, polytomous nodes were common using all heuristics ( Supplementary  Figs. S1-S5 ).
Discussion
In this study, we sampled specimens from every confirmed case of NWS from the FL Keys outbreak (including the single case on the Florida mainland, near Homestead) in an effort to characterize the outbreak and determine its geographic source. Using mitochondrial and nuclear gene sequences, we found high support for a single introduction source of this outbreak. However, using representatives from all publicly available, georeferenced sequence data sets, we were unable to identify the geographic source of this outbreak due to a lack of geographically associated variation in these genes for this species. We discuss the ramifications of these results and prospects for future biosecurity against NWS in the United States.
In comparing variation between all sequences from the FL Keys outbreak, we found strong support for a single source of invasion. We did observe three variable base positions in the alignments of the FL Keys outbreak individuals (two in COII and one in EF1α), which were not explained by heterozygosity of EF1α. However, given the characteristics of these positions, they are more likely the result of other factors rather than true sequence variation. One of these was a heterozygote base call for COII found in only a single individual. (2) 0.00620 (4) 0.00420 (9) 0.00310 (2) TTO 0.00182 (3) 0 (2) 0.00783 (2) 0.00403 (4) 0 (2) URY 0.00540 (16) 0 (1) 0.00641 (15) 0.00463 (34) 0 (2) VEN 0.00617 (11) 0.00680 (3) 0.00620 (4) 0.00503 (15) 0.00144 (2) Number of unique haplotypes per country indicated in parentheses. Nucleotide diversity = 0 for countries with multiple haplotypes is caused by variation in sequence length. NA indicates no haplotypes of that gene for a given country.
While read depth was high for this base call, no other specimens from the FL Keys outbreak (including several specimens collected from the same wound) exhibited variability at this position, so we believe this single heterozygote call is likely the result of PCR error propagated through the two amplification steps of the library preparation. Heteroplasmy is an alternative explanation for this heterozygote call; however, we find no support for this explanation when comparing other variable bases across these haplotypes as in Gandolfi et al. (2017) . The other two variable base positions were highly variable across all sequences generated here (including from specimens collected from the same wound) and all GenBank accessions; one of these was a position in COII where three alternative alleles were observed across all specimens, and the other was a position in EF1α where both two-, three-, and four-base ambiguities were observed in many individuals. This high variability in both preexisting and new sequences supports the hypotheses of either paralog (in the case of EF1α) or NUMT (in the case of COII) influence. While it may be possible to tease apart the exact cause of these highly variable regions (e.g., Kolokotronis et al. 2007 , Song et al. 2008 , such an endeavor is beyond the scope of this paper.
Despite the strong support for a single source for the FL Keys outbreak, we were unable to determine the geographic origin of this source, or match any of the historical intercepted samples to their known putative source. Previous recent phylogeographic assessments Fig. 1 . Fifty per cent majority rule consensus tree from Bayesian inference analysis of the COI + COII data set. Haplotypes are named according to their country of origin, and asterisks indicate the country of origin for historical intercepted samples. Haplotypes with multiple country identifiers and those with numbers after the country identifier are cases where we found an identical haplotype in multiple countries (numbers indicate total sample size for each haplotype found more than once in a country). Haplotypes found from the Florida Keys outbreak are bolded, and "Colony" refers to flies sampled from various rearing colonies (see Fresia et al. 2011) . Strong node support (>80% posterior probability in BI analysis) indicated by white circles on nodes. Map inset shows approximate current distribution (dark gray) and historic distribution where NWS has been eradicated (light gray); black arrow in map inset shows the Florida Keys.
of the species using COI, COII, and CR found support for four regional groups, corresponding to a Cuban/Central American group, a Dominican Republic group, and two South American groups, one north of the Amazon and one south of the Amazon (Fresia et al. 2011 (Fresia et al. , 2013 . However, these groups were not monophyletic, and some haplotypes did not follow this four-region pattern. An alternative study using COI, EF1α, and 12S found even less broad geographic structure, but did find support for some geographically clustered clades from islands in the Caribbean (McDonagh et al. 2009 ). Unfortunately, we were unable to conduct a direct comparison to all preexisting sequence data at the same time, as the genes and particular regions of those genes that were sequenced were not common between studies (see Materials and Methods). We did observe some consistently monophyletic clades that matched to particular islands in the Caribbean found by previous studies (Cuba, Dominican Republic: Fig. 1) ; however, haplotypes from these islands were also observed elsewhere in the phylogenies.
The overall lack of correlation between genetic diversity and geography in this species could be the result of several factors. Both retained ancestral polymorphism and anthropogenic movement of NWS in infested livestock have been used to explain the overall lack of geographic population structure in this species (McDonagh et al. 2009; Fresia et al. 2011 Fresia et al. , 2013 . The latter may be particularly explanatory, as broad phylogeographic patterns based on mitochondrial DNA were found to coincide with the broad patterns of human movement during the last 20,000 yr (Fresia et al. 2013 ); additionally, the past 100 yr of NWS outbreaks and interceptions speak to our ability to inadvertently move this species around at a global scale (Vargas-Terán et al. 2005) . Individual dispersal and gene flow could also explain the lack of geographic signal. While lifetime dispersal of NWS is generally of moderate distance (<50 km; Mayer and Atzeni 1993) , it is known to be affected by many factors (e.g., sex, host availability, habitat) and individual flies have been documented to disperse as much as 290 km in their lifetime (Hightower et al. 1965 ). The Caribbean sea has been hypothesized as a geographic barrier to this species as well as other flies (Fresia et al. 2011 and references therein) , and the more consistent (although not perfect) monophyly found in some Caribbean islands support this hypothesis.
Although we found strong support for a single source for the FL Keys outbreak by means of lack of sequence variation and low nucleotide diversity compared to its native distribution, it is important to note that NWS from a single host animal, or single wound, may not always equate to a single genetic source of NWS. Adult female NWS are known to oviposit in wounds already occupied by NWS egg masses (Thomas and Mangan 1989) , so a single wound can harbor larvae from multiple females. In several of the historical intercepted cases, we observed mitochondrial variation between NWS specimens collected from the same host animal, perhaps demonstrating the results of such oviposition behavior (although we do not know if these historical cases were collected from one or multiple wounds on the host). Combined with the overall lack of geographic population structure with these markers, future outbreaks, even if derived from a single host animal, may not show the same patterns that we observed for the FL Keys outbreak; i.e., a single geographic source may be manifested as multiple mitochondrial haplotypes. Overall, this supports the use of finer-scale genetic markers for future NWS research.
Another important consideration is that our genetic sampling, as well as that of previous phylogeographic studies, may simply be too information-limited to detect fine-scale population structure. Using faster-evolving microsatellite markers, Torres and Azeredo-Espin (2009) were able to detect fine-scale population structure in NWS across several Caribbean islands where we found no well-supported structure.
We suggest that future work make use of faster-evolving population genetic markers to assess range-wide structure in this species. Methods to generate genome-wide single-nucleotide polymorphism (SNP) data, such as restriction-site associated DNA-sequencing (see Andrews et al. 2016) , are revolutionizing population genetics, and would provide a vast amount of genomic information to assess structure across the range of NWS. From a diagnostic pest management perspective, such SNP-based methods would also be attractive as genotyping is objective and they are amenable to combining data sets generated in different laboratories (Campbell et al. 2017) , whereas traditional microsatellite genotyping requires manual checking of allele calls and is thus more subjective (Hoffman and Amos 2005) . Combined with more comprehensive geographic sampling and collaboration between researchers (sharing of specimens, protocols, etc.), such objective and straightforward genotyping of informative population genetic markers would undoubtedly give us a better understanding of the genetic structure of this important pest across its range, and better capabilities for source determination in the case of future invasions.
